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Abstrat
The propagation of damage in a onned magneti Ising lm, with short range ompeting magneti elds
(h) ating at opposite walls, is studied by means of Monte Carlo simulations. Due to the presene of the elds,
the lm undergoes a wetting transition at a well dened ritial temperature Tw(h). In fat, the ompeting
elds auses the ourrene of an interfae between magneti domains of dierent orientation. For T < Tw(h)
(T > Tw(h)) suh interfae is bounded (unbounded) to the walls, while right at Tw(h) the interfae is essentially
loated at the enter of the lm.
It is found that the spatio-temporal spreading of the damage beomes onsiderably enhaned by the presene
of the interfae, whih at as a atalyst of the damage ausing an enhanement of the total damaged area.
The ritial points for damage spreading are evaluated by extrapolation to the thermodynami limit using a
nite-size saling approah. Furthermore, the wetting transition eetively shifts the loation of the damage
spreading ritial points, as ompared with the well known ritial temperature of the order-disorder transition
harateristi of the Ising model. Suh a ritial points are found to be plaed within the non-wet phase.
PACS numbers: 75.70.-i, 75.30.Kz, 75.10.Hk, 05.10.Ln
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I. Introdution
The study of the thermodynami properties of onned systems has attrated onsiderable attention over the last
deades [1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26℄. The ritial behavior of
onned uids is rather dierent from the bulk ritiality due to the subtle interplay between nite-size and surfae
eets. The interation of a saturated gas in ontat with a wall or a substrate may result in the ourrene of very
interesting wetting and apillary ondensation phenomena, where a marosopially thik liquid layer ondenses at
the wall, while the bulk uid may remain in the gas phase [27, 28, 29, 30, 31℄. The wetting of solid surfaes by
a uid is a phenomena of primary importane in many elds of pratial tehnologial appliations (lubriation,
eieny of detergents, oil reovery in porous material, stability of paint oatings, interation of maromoleules
with interfaes, et. [27, 32, 33, 34℄).
Wetting transitions are also observed when a magneti material is onned between parallel walls where om-
peting surfae magneti elds at. For example, when an Ising [35, 36℄ lm is onned between two ompeting walls
a distane L apart from eah other, so that the surfae magneti elds (H) are of the same magnitude but opposite
diretion, it is found that the ompeting elds ause the emergene of an interfae that undergoes a loalization-
deloalization transition. This transition shows up at an L−dependent temperature Tw(L,H) that is the preursor
of the true wetting transition temperature Tw(H) of the innite system [3, 10, 6, 37℄. It should also be remarked
that, although the disussion is presented here in terms of a magneti language, the relevant physial onepts an
rather straightforwardly be extended to other systems suh as uids, polymers, and binary mixtures.
On the other hand, the study and understanding of the propagation of perturbations in magneti material is also
a subjet of inreasing interest. For this purpose, the damage spreading method is a powerful and useful tehnique
that has been applied, for example, to Ising systems [38, 39, 40, 41, 42, 43, 44, 45, 46, 47℄ as well as to spin glasses
[48, 49℄, for a review see e.g. [50℄.
In order to apply the damage spreading method one has to start from an equilibrium onguration of the magneti
material at temperature T . Suh a onguration is generially alled the referene or unperturbed onguration
SA(T ). Subsequently, a perturbed onguration SB(T ) is obtained just introduing a small perturbation into
SA(T ). This proedure an be ahieved, e.g. by ipping a small number of spins of the unperturbed onguration.
The time evolution of the perturbation is of primary interest beause, either, it an beome healed after some time
(eventually it may remain nite) or it an propagated over the whole system. The latter senario may be undesired
when a thermally stable magneti material needs to be ahieved. A simple measure of the perturbation is the
Hamming distane or damage between the unperturbed and the perturbed ongurations [38, 39℄. Then the time
evolution of the perturbation an be followed evaluating the total damage D(t) dened as the fration of spins with
dierent orientations, that is
D(t) =
1
2N
N∑
l
∣∣SAl (t, T )− SBl (t, T )]
∣∣ , (1)
where the summation runs over the total number of spins N and the index l, (1 ≤ l ≤ N) is the label that identies
the spins of the ongurations.
In our previous study of damage spreading using Ising magnets onned in two-dimensional geometries [46℄ and
in absene of external magneti elds, it has been shown that the presene of interfaes between magneti domains,
in the diretion perpendiular to the propagation of the damage, auses the spatio-temporal enhanement of the
spreading. Due to this interesting feature and in order to ontribute to the understanding of the role played by the
interfaes, the aim of this work is to investigate the propagation of the damage at the interfae generated by the
loalization-deloalization transition of the Ising magnet onned in presene of ompeting magneti elds. In this
ase, and in ontrast to the previous work [46℄, the propagation of the damage ours in the diretion parallel to
the interfae. In order to arry out the study, Monte Carlo simulations of the Ising magnet in onned, thin lm,
geometries are performed. Imposing open boundary onditions and surfae magneti elds along the surfaes of the
lms, the propagation of the damage in both diretions, parallel and perpendiular, to the domain interfaes an be
studied. Furthermore, extrapolations of the results to the thermodynami limit allow us to determine the ritial
points of damage spreading and loate them in the wetting phase diagram, as evaluated exatly by Abraham [37℄.
The manusript is organized as follows: in Setion II the numerial proedure for the simulation of damage
spreading in onned geometries is desribed. Setion III is devoted to a brief disussion of the equilibrium on-
gurations harateristi of onned geometries with ompeting applied magneti elds. The results are presented
and disussed the results in Setion IV, while the onlusions are stated in Setion V.
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II. The onned Ising ferromagnet with ompeting elds and the Monte
Carlo simulation method.
The Ising model with ompeting surfae elds in a onned geometry of size L×M (L≪M) an be desribed by
the following Hamiltonian H :
H = −J
M,L∑
<ij,mn>
σijσmn − h1
M∑
i=1
σi1 − hL
M∑
i=1
σiL (2)
where σij are the Ising spin variables, orresponding to the site of oordinates (i, j), that may assume two dierent
values, namely σij = ±1, J > 0 is the oupling onstant of the ferromagnet and the rst summation of Equation (2)
runs over all the nearest-neighbor pairs of spins suh as 1 ≤ i ≤M and 1 ≤ j ≤ L. The seond (third) summation
orresponds to the interation of the spins plaed at the surfae layer j = 1 (j = L) of the lm where a short range
surfae magneti eld h1 (hL) ats. Open boundary onditions are assumed along the M -diretion of the lm where
the elds at.
In this manusript, only the ase of ompeting surfae elds suh as h1 = −hL, in the absene of any bulk
magneti eld, is onsidered. So, hereafter h = |h1| = |hL| will be used generially to speify the short range surfae
magneti eld that is measured in units of the oupling onstant J . Under these onditions and for a suitable
range of elds and temperatures, one may observe the onset of an interfae between magneti domains of opposite
diretion running along the lm, as will be disussed in detail below.
The evolution of the Ising lm is simulated using the Glauber dynamis, so a randomly seleted spin is ipped
with probability p(flip) given by:
p(flip) =
exp(−β · △H)
1 + exp(−β · △H)
(3)
where △H is the dierene between the energy of the would-be new onguration and the old onguration, and
β = 1/kBT is the usual Boltzmann fator.
The time is measured in Monte Carlo time steps (ms), suh as during one ms all L ×M spins of the sample
are ipped one, in the average.
The Ising magnet in two dimensions and in absene of any external magneti eld, undergoes a seond-order
order-disorder transition when the temperature is raised from a relatively low initial value. The ritial point is the
so alled Onsager ritial temperature kBTC/J = 2.269... [36℄.
In order to evaluate the damage aording to equation (1), rst the referene onguration SA is generated,
using the simulation method desribed above. This an be ahieved starting from a random onguration and
applying the Glauber dynamis during 104 ms. Subsequently, a replia of suh onguration is reated and the
spins of the entral olumn (i = M
2
) are ipped as follows: if the magnetization of the whole sample is greater than
zero the up spins are ipped down, otherwise the down spins of the olumn are ipped up. Using this proedure the
perturbed onguration SB of equation (1) is generated and it is assured that the initial damage (at t = 0) is always
D(t = 0) ≤ 1
M
. This kind of perturbation reprodues the eet of a large magneti eld applied at the middle of
the sample and pointing away to the opposite diretion than the atual magnetization of the whole sample.
The time evolution of the damage D(t), evaluated using equation (1), is then followed applying the Glauber
dynamis to both ongurations. At this stage it is essential to use the same random numbers in both systems in
order to perform the updates [50℄.
Applying the Glauber dynamis to the Ising ferromagnet, it is known that exists a ritial temperature for
damage spreading (TD), suh as for T > TD the damage spreads out over the whole sample while for T < TD the
damage beomes healed after some nite time [50℄. Extensive numerial simulations due to Grassberger [51, 52℄
have shown that, in two dimensions and in absene on external magneti elds, TD ∼= 0.992TC.
III. Disussion of Equilibrium Congurations in Conned Geometries
with Competing Fields.
Sine the aim of this manusript is to investigate the role played by the interfae between magneti domains in
the propagation of damage, it is worth disussing the dierent equilibrium ongurations harateristi of onned
geometries under dierent surfae eld onditions, lose to the wetting phase transition.
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The situation originated by the presene of ompeting surfae magneti elds h1 = −hL (see equation (2))
an be desribed in terms of a wetting transition that takes plae at a ertain -eld dependent- ritial wetting
temperature Tw(h). In fat, for T < Tw a small number of rows parallel to one of the surfae of the lm have an
overall magnetization pointing to the same diretion than the adjaent surfae eld. However, the bulk of the lm
has the opposite magnetization (i.e. pointing in the diretion of the another ompeting eld). Also the symmetri
situation is equivalent to the previous one due to the spin-reversal eld-reversal symmetry. These ongurations,
where the interfae between domains is tightly bounded on the surfae, are harateristi of the non-wet phase
of the system that ours at low enough temperatures and elds (see gure 1). Inreasing the temperature, suh
interfae moves farther and farther away from the surfae towards the bulk of the lm. Just at Tw the interfae is
loated in the middle of the lm and the system reahes the wet phase for the rst time. For T > Tw the interfae
is not longer loalized and the system is within the wet phase (see gure 1).
It should be notied that the above disussed wetting transition takes plae in the thermodynami limit only
and the phase diagram has been evaluated exatly by Abraham [37℄, yielding
exp(2Jβ) · [cosh(2Jβ)− cosh(2hcβ)] = sinh(2Jβ), (4)
where hc(T ) is the ritial surfae eld (the inverse funtion of the wetting temperature Tw(h)).
As disussed above, a well dened wetting transition takes plae in the thermodynami limit only. Nevertheless,
as shown in gure(2) a preursor of this wetting transition an also be observed in onned geometries for nite
values of L. This preursor is most orretly desribed in terms of a loalization-deloalization transition of the
interfae, whih takes plae at L−dependent ritial temperatures (Tw(L, h)). In fat, for T < Tw(L, h) (gure 2(a))
one observes oexistene of two phases, eah of them having opposite magnetization. Furthermore, the interfae
between domains is loated lose to one of the surfaes of the lm (loalized interfae; non-wet regime). For
T > Tw(L, h) (gure 2()), the wall between domains moves along the L-diretion and the system enters to the wet
regime (deloalized interfae). The mean position of the interfae remains lose to the enter of the lm just at
Tw(L, h) (gure 2(b)).
Aording to the nite-size saling theory [3, 6℄ Tw(L, h) shifts towards Tw(h) aording to:
Tw(∞, h)− Tw(L, h) ∼ constant× L
−1, (5)
when the system size L tends to the thermodynami limit. For further disussions on the loalization-deloalization
transition of the Ising system in onned geometries see e.g. [3, 10℄.
Finally, it is worth disussing the equilibrium ongurations obtained in absene of magneti elds and lose
below to TC , as shown in gure 2(d). In this ase the onned system forms a nonuniform state given by a suession
of up-spins and down-spins domains, whih are essentially ordered at length sales suh as the standard orrelation
length (ξ) remains smaller than the harateristi size of the system (ξ < L), but the domain walls are randomly
plaed. The operation of surfae magneti elds favors the parallel spins, and thus suppress this domain formation.
These fats an be reognized from a visual inspetion of the domain patterns shown in gure 2.
IV. Results and disussion.
Monte Carlo simulations have been performed using L×M -latties, for the hoies L = 12, 24, 48 and M = 50×L.
Preliminary runs indiate that the damage spreading transition an be observed, in priniple, for any range of
temperatures and elds lose to the ritial wetting line as dened by equation (4). However, when the temperature
is very low the system beomes almost frozen making diult the aquisition of data with reliable statistis. Also,
for T > TC the system is disordered preventing the ourrene of the wetting transition. Taking into aount these
onstraints, an extensive study of damage spreading has been performed only lose to two partiular points of the
whole wet non-wet phase diagram, namely for |h1| = |hL| = 0.5;Tw(h = 0.5) ∼= 0.863TC, and for Tw = 0.90TC; |h1| =
|hL| ∼= 0.4291. Additional studies have also been arried out lose to Tw = 0.75TC; |h1| = |hL| ∼= 0.6652 and
Tw = 0.95TC; |h1| = |hL| ∼= 0.3053.
On view of the obtained results, it is expeted that the main onlusions obtained from the study will hold lose
to the whole ritial wetting urve.
In order to haraterize the global dynamis of the propagation of the perturbation, the whole damage given
by the Hamming distane D(t) (see equation (1)) and the survival probability P (t), that is the probability that at
4
time t the damage is still propagating, have been evaluated. Also, to study the spatio-temporal evolution of the
perturbation, the damage prole in the perpendiular (parallel) Px(i, t) (Py(i, t)) diretion is dened as follows:
Px(i, t) =
1
2L
L∑
j=1
∣∣SAi,j(t, T )− SBi,j(t, T )]
∣∣ , (6)
and
Py(j, t) =
1
2M
M∑
i=1
∣∣SAi,j(t, T )− SBi,j(t, T )]
∣∣ , (7)
where SAi,j(t, T ) and S
B
i,j(t, T ) are the unperturbed and perturbed equilibrium ongurations, respetively. This
denition of the perpendiular (parallel) damage prole represents the average damaged sites of the i−th - i = 1, ..,M
olumn ( j − th - j = 1, .., L row) of the lattie. In order to haraterize the proles it is also useful to determine
their width (〈ωx(t)〉 and 〈ωy(t)〉), as well as their amplitude (〈hx(t)〉 and 〈hy(t)〉), respetively.
The propagation of the damage is studied using two approahes: i) keeping h = 0.5 onstant and varying T ,
and ii) keeping T = 0.90 onstant and varying h.
IV.1 The ase h = 0.5, T variable.
Figure 3 shows log-log plots of the damage D(t) as funtion of time. It is interesting to note that the loalization-
deloalization transition is roughly revealed by the behavior of the damage. In fat, for T < Tw(L), (e.g. for
T = 0.70TC, 0.65TC and 0.60TC in gure 3(a) ) it is observed that the damage is healed after a relatively short
time. However for T > Tw(L) (e.g. for T = 0.80TC and 0.85TC in gure 3(a)) the spreading of damage is atually
observed.
It should be notied that using nite latties, the onset of damage spreading is observed at L-dependent ritial
temperatures (TD(L)). As expeted, nite-size eets ause the atual transition to beome rounded and shifted,
as e.g. an be observed omparing gures 3(a) and 3(b), whih have been obtained using latties of dierent size.
The straight lines observed in gures 3(a) and 3(b) for T ≥ TD(L) suggest a power-law behavior suh as
D(t) ∝ tη (8)
where η is an exponent. Disregarding the early time behavior of D(t) (say up to t ≈ 30 ms), the best t of the
data shown in gure 3(a), using equation (8), gives η ∼= 0.90 ± 0.02. Simulations performed using bigger latties
(L = 24, 48, see e.g. gure 3(b)) also give η ∼= 0.91 ± 0.01, where in all ases the error bars merely reet the
statistial error.
Notie that damage spreading is also observed for a temperature slightly below Tw (e.g. at T = 0.80TC in gure
3(a) and T = 0.82TC in gure 3(b)). This observation is due to the operation of nite size eets ausing the
eetive loation of the prewetting temperature to be slightly below Tw (see eq.(5)). Eventually, this result may
also indiate that the ritial temperature for damage spreading lies below Tw, as will be disussed below.
The survival probability of the damage P (t) is shown in gure 4, as a funtion of time t. It is observed that
P (t) tends to vanish for T < TD(L), while it reahes a stationary value for T > TD(L). So, it is possible to dene
the stationary survival probability Pstat as the asymptoti limit Pstat ≡ P (t → ∞), (see gure 5(a)). In this ase,
nite-size eets are also observed. In fat, the step funtion expeted for the Pstat(T ) beomes rounded for latties
of size L = 12 and M = 601. However, the damage temperature TD(L) an be determined as the mean value of the
rounded step.
Figure 6(a) shows log-log plots of the width of the damage prole 〈ωx(t)〉 vs t obtained taking h = 0.5 and
dierent temperatures. It is observed that for T > TD(L) ( T < TD(L)) the width exhibits an upward (downward)
urvature. However, a straight line behavior emerges for a ertain temperature that is identied as TD(L) ≈ 0.78.
Based on these observations, the following saling law is proposed,
〈ωx(t)〉 ∝ t
α, (9)
where α is an exponent. The best t of the data gives α = 0.80± 0.01.
It is worth mentioning that a dierent behavior has been observed for zero surfae elds (h = 0) lose to the
ritial temperature [46℄, as shown in gure 6(b). In this limit the ritial temperature for damage spreading is
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well known, namely TD(h = 0, L =∞) ≃ 0.992TC [51, 52℄. However, in this ase a rossover between a short-time
(ST) regime and a long-time (LT) regime is found lose to t ≃ 350 ms. For t < 350 ms the data is onsistent
with αST = 0.517 ± 0.005, while for t > 350 ms one has αLT = 0.79 ± 0.01. This results also suggests that a
diusive-like behavior, as expeted for α = 1/2, dominates the short-time regime, while the propagation of the
perturbation beomes faster within the long-time regime.
The observed dierene between the ases h > 0 and h = 0 an be understood with the aid of the snapshot
ongurations shown in gures 2(a-) and 2(d), respetively. In fat, when the interfae is most likely loalized
at the enter of the strip running parallel to the M -diretion, where the surfae magneti elds are applied, one
expets an uniform propagation of the perturbation as observed in gure (6(a)). However, for h = 0 the ourrene
of magneti domains of opposite orientation exhibiting interfaes running perpendiular to the strip determines the
onset of two dierent time regimes: on the one hand the short-time regime, haraterized by the (slow) propagation
of the damage inside the bulk of magneti domains and, on the other hand, the long-time regime with a (faster)
propagation of the perturbation eetively atalyzed by large utuations ourring at the interfaes of the domains.
The amplitude of the damage prole in the diretion parallel to the interfae 〈hy(t)〉, as shown in gure 7, also
exhibits a power-law behavior of the type:
〈hy(t)〉 ∝ t
λ, (10)
where λ is an exponent. A least-square t of the data (see gure 7) gives λ = 0.98 ± 0.01, for T ≥ TD(L). Also,
the damage tends to beome healed for T < TD(L). Simulations performed using bigger latties shows that this
exponent tends to λ ≈ 1 for the asymptoti limit, L→∞, e.g. λ(L = 24) = 1.03±0.02 and λ(L = 48) = 1.04±0.05.
Figure 8 shows damage proles Py(i, t) obtained at dierent times, and lose to TD(L). For the absene of
surfae elds and using open boundary onditions (gure 8(a)), the homogeneous propagation of the damage is
observed. However, onsidering ompeting surfae elds the damage tends to propagate in the region where the
interfae between magneti domains is loated, namely at the entral rows of the lm (i ∼ L/2), as shown in gure
8(b). This fat is in qualitative agreement with the results disussed for 〈hy(t)〉. Moreover, it is observed that the
eet of the magneti elds at the walls is to slow down the propagation of the damage. These observations are
onsistent with the fat that large utuations apable to atalyze the propagation of the damage are present along
the interfae, while at the walls and due to the applied magneti elds, the orientation of the spins is more stable.
It should be noted that due to the nite size of the lattie, the width of the damage prole 〈ωy(t)〉, remains
onstant lose to
L
2
, preventing a quantitative analysis.
Based on the study of D(t), P (t) and the damage proles, the loation of the L−dependent damage spreading
ritial points TD(L), for a xed eld h = 0.5, have been estimated as follows: TD(L = 12) = 0.79(1)TC, TD(L =
24) = 0.81(1)TC and TD(L = 48) = 0.83(1)TC. Based on these results and assuming that TD(L) obeys a saling
law suh as equation (5), the extrapolation TD(∞) = 0.84 ± 0.01 has been obtained, as shown in gure 9. This
value is lose (but smaller) to the wetting ritial temperature Tw(h = 0.5) = 0.863, as evaluated using eq.(4) (see
also gure 1). It is known that one method to loate the L−dependent ritial temperatures for the loalization-
deloalization transition (Tw(L)), whih is the preursor of the true wetting temperature in the thermodynami
limit, is the evaluation of the maximum of the suseptibility, i.e. the utuations of the order parameter [3℄. Figure
9 also shows that a plot of Tw(L) vs L
−1
(see equation (5)) extrapolates to Tw(L→∞) = 0.866, in good agreement
with the exat value. Furthermore, one has that TD(L) < Tw(L).
At this stage it is onluded that, on the one hand, it is hard to establish an unambiguous dierene between
TD and Tw, while on the other hand, it is out of any doubt that the onset of damage propagation is related to
the loalization-deloalization transition that undergoes the interfae between ompeting domains, so that TD is
eetively shifted to temperatures far below from TC .
IV.2 The ase T = 0.9TC, and h variable.
In this ase, the obtained results are fully onsistent with those obtained keeping the eld onstant and varying
the temperature. In fat, the total damage D(t) grows up for h > hD(L) with exponent η = 0.91± 0.02 (see gure
10), where hD(L) is L−dependent ritial eld for damage spreading. Also, it is observed that for latties of size
L = 12, the damage spreading transition is markedly rounded by nite-size eets (gure 10(a)), while for L = 24
that transition is better dened (gure 10(b)).
The stationary survival probability of the damage Pstat an also be determined, as shown in gure 5(b) as a
funtion of the surfae eld h. The fat that the stepped shape of Pstat is better dened in gure 5(b) than in gure
5(a) is an intriguing feature that remains to be laried.
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The width of the damage prole also behaves aording to a power law (see equation (8) with an exponent
α = 0.81± 0.01 (see gure 11), in full agreement with our previous estimation given by α = 0.80± 0.01.
It is found that the amplitude of the prole, 〈hy(t)〉, also exhibits a power law lose to TD (gure 12). In fat, the
exponent λ (see equation (10), has been determined given: λ = 1.02± 0.01, in full agreement with our estimation
obtained keeping onstant the surfae elds, namely λ = 0.98± 0.01.
It has been observed that the amplitude along the parallel diretion and the width of the proles aross the
perpendiular diretion (〈hx(t)〉 and 〈ωy(t)〉, respetively), exhibit the same behavior than in the previous ase with
onstant surfae elds, so the orresponding gures are omitted for the sake of spae.
Finally, our estimations of the size dependent damage spreading ritial elds hD(L) are given by: hD(L =
12) = 0.31(2), hD(L = 24) = 0.34(1) and hD(L = 48) = 0.35(1).
By omparison to equation (5) the following nite size saling anzats an be expeted to hold for the wetting
ritial eld
hc(L)− hc(∞) ∼ constant× L
−1, (11)
where hc(∞) is the position of the ritial point in the thermodynami limit. Plotting the obtained data for
the damage spreading ritial elds aording to equation (11)(gure 13), the extrapolation to L → ∞ gives
hD(L = ∞) = 0.37 ± 0.02, while the exat value for the wetting ritial point at T = 0.9Tc, as obtained using
equation (4), is hc = 0.42906. As in the previous ase, the loation of the damage spreading ritial point lies
slightly inside the non-wet region of the phase diagram (see gure 1).
IV.2 Complementary studies.
In order to onrm the ndings of the previous setions, additional simulations were performed at T = 0.75TC
and T = 0.95TC and varying the surfae elds. All the obtained results are onsistent with the previous ndings.
In summary, applying the saling anzats given by Equation (11), the ritial eld for damage spreading hD(∞) =
0.62±0.01 (hD(∞) = 0.15±0.01) was obtained, as ompared with the exat result for the wetting ritial point (e.g.
equation (4)) given by hc(T = 0.75TC) = 0.6652 (hc(T = 0.95TC) = 0.3053). Notie that the former extrapolation
is shown in gure 13.
V. Conlusions
Based on an extensive numerial study of the damage propagation lose to the wetting transition of the Ising model
with ompeting elds it is possible to draw the following main onlusions:
i) The exponent governing the spreading of the total damage (D(t) ∝ tη, see Eq.(8)), in the presene of interfaes
in the diretion parallel to the propagation of the perturbation, namely η ∼= 0.90±0.02, is greater than the obtained
in absene of interfae, namely η ∼= 0.471± 0.005 [41, 46℄. So, learly the interfae auses the enhanement of the
propagation of the perturbation.
From a more qualitative point of view, it is expeted that the propagation of damage may be favored by interfaes
beause preisely around these regions of the sample one has the largest utuations in the orientation of the spins.
Within this senario the spreading of the damage is expeted to be faster along the diretion parallel to the interfae
where the utuations an uniformly be propagated. In ontrast, the spreading along the diretion perpendiular
to the interfae may be slowed down by the periods where the damage has to ross over the bulk of the domains
[46℄.
ii) Clear evidene on the shift of the ritial damage temperature is reported. In fat, while it is well known that
TD(h = 0) ≈ 0.992TC in the absene of surfae magneti elds [51, 52℄, our nding show that TD(h > 0) < TD(h = 0)
when ompeting surfae elds are applied. Furthermore, all the damage spreading ritial points extrapolated to
the thermodynami limit lie systematially within the non-wet phase of the wetting phase diagram (gure 1). These
results suggest that the wetting and the damage spreading ritial urves are dierent and point out that the former
should be slightly shifted towards the non-wet phase.
We expet that this numerial work may ontributed to the understanding of the role of interfaes in the
propagation of damage. The overall understanding of these omplex physial phenomena addresses a signiant
theoretial and experimental hallenge. Suh kind of studies are stimulated by many pratial and tehnologial
appliations as e.g. the design and onstrution of high quality magneti materials.
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Figure 1: Wetting phase diagram (h vs T/TC) orresponding to a semi-innite Ising strip with opposite short range
surfae elds. The solid urve is the exat ritial line, as obtained by Abraham [37℄. The vertial dashed line is the
boundary between the disordered phase at right hand side and the ordered one at the left hand side. The results
obtained for the damage spreading transition are shown as full irles, and the dotted line has been drawn to guide
the eyes. Crosses indiate the three points, of the phase diagram, where the snapshots pitures shown in gure 2
were obtained.
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Figure 2: Snapshots ongurations obtained after 104 ms in onned geometries of size L = 24 and M = 1200.
(a)-() Typial spin ongurations when short-range elds with opposite signs are applied at bottom and top les
of the lattie, respetively. In these ases, the snapshots are taken at T = 0.80TC and dierent surfae elds: (a)
h = 0.4, within the non-wet phase; (b) h = 0.6, near the ritial wetting urve, and () h = 0.8, within the wet
phase. The loation of these points are shown in the phase diagram of gure 1. (d) Typial equilibirum onguration
obtained in absene of magneti elds, applying open boundary onditions, and lose to TC , T = 0.99TC. Note
that the horizontal oordinate has been redued by a fator of ve in omparison with the vertial one for the sake
of larity of the piture. Sites taken by downs spins are shown in blak while up spins are left white.
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Figure 3: Log-log plots of D(t) vs t obtained at dierent temperatures as indiated in the gure, applying short-
range elds of magnitude h = 0.5, and using latties of size: (a) L = 12,M = 601, (b) L = 24,M = 1201. The
dashed lines have slopes η = 0.90 and have been drawn for the sake of omparison.
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Figure 4: Log-log plots of P (t) vs t obtained at dierent temperatures as indiated in the gure, and using latties
of size L = 12 and M = 601. Short-range elds of magnitude h = 0.5 are applied at the walls of the sample.
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Figure 5: Plots of the stationary survival probability Pstat ≡ P (→ ∞) as obtained using latties of size L = 12,
M = 601. (a) Pstat vs T/TC obtained taking short-range elds of magnitude h = 0.5 (the dotted line has been drawn
to guide the eyes). The vertial dashed line indiates the exat ritial wetting point: Tw(hw = 0.5) = 0.863TC.
(b) Pstat vs h obtained taking a xed temperature T = 0.90TC (the dotted line has been drawn to guide the eyes).
The vertial dashed line orresponds to the exat wetting ritial point: hw(Tw = 0.90TC) = 0.4291.
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Figure 6: Log-log plots of < ωx(t) > vs t obtained at dierent temperatures, as indiated in the gure, using latties
of size L = 12 M = 601. (a) Results obtained taking short-range elds of magnitude h = 0.5. The dashed line has
slope α = 0.80. (b) Results obtained in the absene of magneti elds [46℄ and using latties of dierent size, with
M = 50 × L, as indiated in the gure. The dashed line has slope αST = 0.52, for t < 350, and the full line has
slope αLT = 0.78, for t > 350, respetively. More details in the text.
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Figure 7: Log-log plots of < hy(t) > vs t obtained at dierent temperatures, as indiated in the gure, using latties
of size L = 12 M = 601, and applying short-range elds of magnitude h = 0.5. The dashed line has slope λ = 0.98.
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Figure 8: Plots of the damage prole measured along the L−diretion and obtained at dierent times as indiated
in the gure. Results are averaged over 103 samples, using latties of size L = 12, M = 601. (a) T = 0.98TC and
open boundary onditions, (b) T = 0.861TC and short-range elds |h1| = |hL| = 0.5.
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Figure 9: Damage spreading ritial points TD(L) as a funtion of L
−1
, obtained for latties of dierent size
(L = 12, 24, 48, with M = 50×L), and applying short range surfaes elds of magnitude h = 0.5 (full irles). The
dashed line extrapolates to the ritial temperature TD/TC = 0.84± 0.01. Full squares orrespond to the interfae
loalization-deloalization transitions Tw(L) as obtained for h = 0.5 and using the riteria of the maximum of the
suseptibility [3℄. The full line extrapolates to the wetting ritial temperature Tw/TC = 0.866.
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Figure 10: Log-log plots of D(t) vs t obtained using short-range magneti elds of dierent magnitude as indiated
in the gure, at xed temperature T = 0.90TC, and using latties of size: (a) L = 12, M = 601, (b) L = 24,
M = 1201. The dashed lines have slopes η ∼ 0.90.
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Figure 11: Log-log plots of < ωx(t) > vs t obtained for short-range magneti elds of dierent magnitude, as
indiated in the gure, using latties of size L = 12 M = 601, and at xed temperature T = 0.90TC. The dashed
line has slope α = 0.81.
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Figure 12: Log-log plots of < hy(t) > vs t obtained at dierent short-range magneti elds, as indiated in the
gure, using latties of size L = 12 M = 601, and at xed temperature T = 0.90TC. The dashed line has slope
λ = 1.02.
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Figure 13: Damage spreading ritial elds hD(L) as a funtion of L
−1
, obtained for lattie of dierent size
(L = 12, 24, 48), and at dierent temperatures, as indiated in the gure. The dashed (full) line extrapolates to the
ritial eld hD(L→ ∞, T = 0.75TC) = 0.62± 0.01 (hD(L→ ∞, T = 0.90TC) = 0.37± 0.02). Both lines have the
same slope.
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